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ABSTRACT

A study of approximately 10 months of Explorer 14
observations of energetic electrons (E > 1.6 MeV) in the outer
radietion zone near the geomagnetic equator I )‘ml < 25°
shows that if the omnidirectioral intensity measurements are
organiz&d in a B-L mtem based upon surface measurements of
fhe geomagnetic field, a large local-time dependence of
intensities on a given L-shell is observed beyond L ~ 6.

The 'average' isoflux contour J_ = 10° (cmzosec)'l in a
L-local time coordinate system is at L ~ 10 (maximum L) and
‘at L~ 8 (minimum L) near the local noon and midnight
meridians, respectively. For the contours of higher intensities
(and hence smaller radial distances) this local-time variation
weakens; for J_ = 101‘ (ema-sec)‘l, maximum L ~ 7 near local
noon, minimum L ~ 6 near local midnight. A geostationary
satellite &t 6.6 Ry (earth radii) should cbserve an average
diurnal variation in electron (E > 1.6 MeV) intensity by a
factor ~ 50. At higher magnetic latitudes, | Ag| >25%

near local noon, the electron (E > 1.6 MeV) intensity profiles
were often not monotonically decreasing with increasing radial
distance beyond ~ 5 Rg as were the profiles at lower magnetic
latitudes but displayed frequent secondary peaks of intensity




ﬁ‘qm 5 to 12 RE vhich may be indicative of an acceleration
mechaniam for energetic electrons E 2 1 MeV in the local day
portion of the magnetosphere. The diurnal variations of
electron (E > 1.6 MeV) intensities obzerved near the geomegnetic
equatorial plane are consistent with the expected distortion of
the geomgxetic' field in thc}se régioni by(v t;he solu'wind. |




I. INTRODUCTION

The distortion of the geomagnetic field by the flow of
plasma, or solar wind, past the earth has been actively
investigated by Chapman and Ferraro [1931, 1933], Dungey
(1958], Beara [1960, 1962]), Midgley and Davis [1963], Mead
{1964], and others. Recent direct measurements of the distant
geomagnetic field have shown that the geomagnetic field is
terminated at ~ 10 Ry (earth radii) geocentric radial distance
along the earth-sun direction [Cahill and Amazeen, 1963; Ness
et al., 1964], that the radial distance to this boundary, or
megnetopause, increases to ~ 15 RB for measurements ocbtained
near the local morning meridian, and that the geomagnetic field
on the night side of the earth is drawn out in the anti-solar
direction to beyond 30 RE and is characterized by a neutral
sheet near the solar-magnetospheric equatorial plane [Ness,
1964]. Such large distortions of the geomagnetic field must in
turn be reflected in the spatial distributions of charged
particles in the magnetosphere [Malvills, 1960; Hones, 1963;
Pairfield, 1964]); the convenient B and L coordinates _
[(McIlwain, 1961] as derived from a surface expansion of the
geomagnetic f14M lose much of their effectiveness beyond
L ~ 6. Since low-altitude ( ~ 1,000 km) observations of
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trapped and of precipitated charged particles are related to
phenomena occurring in the distant magnetosphere via the
geomgnetjlc lines of force diurnal variations in the intensities
of these po.rtiéles are to be expected and have been observed
(0'Brien, 1963; Frank et al., 1964; McDiarmid and Burrows,
196k; Williams and Palmer, 1965]. In situ measurements of
local-tine asymmetries in the spatial distribution of charged
particles in the distant magnetosphere have been obtainett by
Frank et al. [1963], Frank [1955], Anderson et al. [1965], |
and others. The present investigation discusses the locale
time dependerce of the radial extent of energetic electron
(E> 1.6 MeV) intensiths in the outer rediation zone near
the geomegneti: equator observed with Explorer 1b.




II. EXPERIMENT DESCRIPTION

The longevity of Explorer 14 (effectively continuous
transmission of data from 2 October 1962 to 8 August 1963) and
its highly eccentric orbit (apogee altitude 98,533 km and |
perigee altitude 283 km at launch) allowed a unique survey of
the outer radistion zone with respect fo & nearly complete
local~-time survey of outer zone phenomena over a large range
of geocentric radial distances and near the geomagnetic
'equatorial plane utilizing the same instrumentation. The SUI
detector complement of Geiger-Mueller tubes included a
shielded 302 G.M. tube (¢G = 0.1 (+ 0.05) cn® for counting
electrons E > 1.6 MeV for typical outer zone electron
spectrums) and adequate simultaneous measurements of the
intensities of lower energy (E > 4O keV) electrons to
ascertain that this detector was not responding to electron
bremsstrahlung (see Frank, Van Allen, and Hills [1964] for a

detailed description of this instrumentation).




III. OBSERVATIONS

Observations of magnetospheric phenomena with Explorer 1k
include approximately 300 passes with reasonably continuous
telemetry coverage through the outer radiation zone. Of present
interest are representative sets of contours of the shielded
302 G.M. tube response to penetrating, outer zbne elef;tronl |
(E> 1.6 MeV) as a function of geocentric radial distance for
selected ranges of magnetic latitude and of local time of
satellite apogée position. Mgure 1 displays a set of five
contours obtained over the period 21-28 February 1963 when .the
direction from the center of the earth to satellite apogee
position (local time ~ 22:00) was near the anti-solar
direction. The relative response of the 302 G.M. tube is
shown in Pigure 1 (and the following Pigures 2 and 3), but the
true cémnting rate of the detector may be determined by noting
that the cosmic ray background rate (dashed line) corresponds
to 1.5 counts (sec)'l. Both inbound and outbound pesses have
. been included in Figure 1 (solar-ecliptic latitudes of
~ «10° and -LO®, respectively, at 75,000 km geocentric radial
distarce) and passes with variocus low magnetic latitudes have
been included in order to provide an abridged catalog of

typical protiles near the magnetic equatorial plane. The radial




extent of measurable response of the 302 G.M. tube over back-
ground counting rates in Figure 1 on the night side of the
earth near the magnetic equatorisl plane is typically

~ 50,000-60,000 km for the range of magnetic latitudes
umpied, or if a B-L coordinate system es derived from
magnetic field measurements a.tv the surface of the earth
[McIlwain, 1961] is adopted the corresponding L ~ 8. Use of -
the conveunient B-L coordinates in the present investigation
is to provide a charged particle coordinate system based 'upon
surface meagsurements of the earth's magnetic field which,
assuming negligible electric drift terms, rapid diffusion

(on & time scale & one longitudinal drift period), etc., in
turn yleids an indirect test of the distortion of the
gemetie field by requiring a degeneracy in the observed
omidirectional intensities of charged particles on a given
L-shell with respect to local time and also to )\m = ."m
(1.e., symmetry with respect to the geomagnetic equator).
Asymmetry of the isoflux contours of electrons (E > 1.6 MeV)
with respect to the geamagnetic equator beycnd ~ 6 Rg at low
latitudes has already been observed [Frank, 1965]; the present
invegtigation is concerned with the isoflux contours near the
magnetic equatorial plane as a function of local time. The
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small secondary peak of intensities at 45,000 to 60,000 km for
the contour of 21-22 February 1963 of Figure 1 is typical of
several contow's obtained by Explorer 14 on the night of the
earth but are much more commonly cbserved for high latitude

passes near the local noon meridian (cf. Figure 3). The

radial extent of measurable electron (E > 1.6 MeV) intensities

near the magnetlic equator near the local noon meridian observed
during the period 30 May--15 June 19¢3 as shown in Figure 2
- 18 typically 70,007 to 80,000 km (L ~ 12). Further comparison
with Figure 1 which displays typical profiles near the midnight
meridian at similar magnetic latitudes shows that the midnight
profiles rise significantly more rapidly as a function of
radial distence than the profiles near local noon of Figure 2.
The profiles at a given local time and range of magnetic
latitude show a high degree of consistency in their gross
characteristics. Hence it is of interest to summarize the
large body of Explorer 1k measurements as exemplified above
in terms of isoflux contours near the geomagnetic equatorial
plane in a geocentric radial distence {or L)--local time
coordinate system. |

Although the present investigé.tion stresses neasurements

of the intensities of electrons (E > 1.6 MeV) near the geo-
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magnetic equatorial plane, a few samples of typical profiles
at the higher magnetic latitudes reached by Explorer 1l near the
local noon meridian are displayed in Figure 3. The time period
over which this data is taken is 29 May--19 June, or the
same general period as the lower latitude data of Figure 2.
Comparison of the profiles of Pigures 2 and 3 shows that the
radial extent of observable intensities is ~ T0,000 to
80,000 km in both cases but that the frequently irregular
contours at higher latitudes of Flgure 3 are contrasted with
the smooth profiles at the lower latitudes of Figure 2. The
302 G.M. tube counting rate profile obtained with Pioneer 4
{Van Allen and Prank, 1959] which carried a similarly
shielded 302 G.M. tube through the day side of the nﬁ@etosphere
is reminiscent of the profiles of 29 Mey, U4 and 10 Jume
(Pigure 3) with Explorer 14. The irregular and variable
structure of the profiles of electrons (E > 1.6 MeV) at the
higher latitudes fram ~ 30,000 lm to ~ 80,000 km may be
indicative of a strong acceleration mechanism for energetic
electrons in the local day portion of the magnetosphere.

The local-time dependence of the intensities of eléétrono
(E > 1.6 MeV) near the geomagnetic equatorial plane is

investigated here by ingpecting each of the counting rate
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profiles such as those displayed in Figures 1 and 2 and deter-
nining the maximum I-value at which a given omnidirectional
intensity is observed. If the B-L coordinate system based
wpon surface measurcments of the geomagnetic field is valid
for organizing the observed épatia; distributions of electrons
the mediap L-value at which a given intensity 15 observed |
should be ihd_ependent of the local time of the satellite
position. Figure 4 shows the maximum L-values for which omni-
directional intensities of electrons (E > 1.6 MeV)

J, = 10° (cm2 - sec)'l were observed for all passes

' A m‘ < 25° and for which continuous data were available
through the outer radiation zone, as a function of local time
of the measurement; each of the 155 date points represents

an individual pass of Explorer 1l through the outer radiation
zone. Although there is a large scetter of the data, the
two-hour median L-value shows a continuous and discernible
dependence upon local time. The median L-value for

J, = 10° (cma - sec)'l at local noon is L ~ 10 and the
corresponding median L-value near the local midnight meridian
is L ~ 8 in the vicinity of the geomagnetic equator, and the
temporal variations are from L ~ 8 to 11 and fram L ~ 5 to 10,

respectively. Since the time period covered by the observations
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of Figure L is ~ 10 months and the satellite apogee position
a8 & function of local time sweeps slowly from ~ 8:00 at
launch through local midnight (late January 1963) to ~ 10:00
in early August, it is of interest to determine whether a
varistion in relative magnetic activity is adequate to
account for the local-time dependence of the median L-value
(3, = 162 (cof - sec)™). In Figure 5 are plotted the data
points of Figure 4, one graph showing the maximum L value at
which J_ = 10° (cxn2 - sec)'l was observed versus the
corresponding Kp daily sum, Z Kp, and the ri;ght-hand
graph showing E Kp as a function of local time for each
observation. These graphs display a scatter of data points
(corresponding medians are given in Figure 5) which indicates
that the observed difference in the median L-value of the
intensities of electrons (E > 1.6 MeV), AL~ 2, in the
solar and antisolar directions is not a manifestation cf &
correlation of geomagnetic activity with local time of the
observation. Roughly the dependence of the L-value for
which J_ = 10° (cﬂn2 - gec)™! upon z Kp is ~ 0.05 L
(it T Kp)7L.

A polar summary of the median Le-values near the

magnetic equatorial plane as a function of local time is
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shown in Figure € for omnidirectional electron (E > 1.6 MeV)
intensities J_ = 10°, 3 x 162, 10° ana 10* (ca® - sec)™ Y,
The largest local-time effect is at the higher Levalues for

J, = 10° (cxn2 - sec)'l with a noon-midnight median L-value

difference 4 L ~ 2. For higher intensities, and hence

at lower L-values, this effect diminishes with a local-time
variation 8 L ~ 1 (local noon L ~ 7, local midnight L ~ 6)
for an ommidirectional intensity J, = 10“ (cm2 - sec)']'.

The systematic variation of the median L-value upon local

time is evident for each of the isoflux contours of Figure 6

with larger L-values near local noon with respect to observa-

tions near the midnight meridian.
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IV. DISCUSSION

The present analysis of 155 Explorer 1k passes through
the outer radistion zone near the gecmagnetic equator
(] Ny | < 25°) obtained over a period of ~ 10 months shows
that, if a B-L coordinate system based upon surface measurements
of the geomagnetic field is used to organize the data, a local-
time dependence of the intensities of electrons (E > 1.6 MeV)
is cbserved on L-shells with L 6. If this Jocal-time
dependence is found by determining the median of all maximm
L-values for which J_ = 10° (an"’ - aec)'l, for example, and for
a given two-hour local-time sector then the maximum L ~ 10
occurs near local noon and the minimum L ~ 8 is near the local
midnight meridian. The magnitude of this local-time variation
decreases with increasing omnidirectional intensity Jo and for
J, = 0% (v - sec)7t, L ~ 7 and ~ 6 near local noon and
nw, respectively (refer to sumary of Figure 6). A geo-
stationary satellite at 6.6 Ry should observe an average
diurnal intensity variation by a factor ~ 50. Although the
B-L coordinate system has been used here to organize the
observations of electrons (E > 1.6 MeV), the data are taken
near the geomagnetic equator| Ay | <25° and detailed
examination of passes at lower latitudes (refer to Figures 1




15

and 2) shows that the above L-values and the median L-values
of Pigure 6 may be interpreted as the geocentric radial dis-
tance in earth radii in the geomagnetic equatorial plane to
the corresponding isoflux contours. Hence the isoflux contour
J, = 10° (anz - sec)':l is at ~ 10 Ry at local noon and draws
nearer to the earth by ~ 2 RE neai the geomagnetic éqb&tor

at local midnight. Observed temporal variations in the
maximm L-values et which & given electron (E > 1.6 MeV) omni-
directional intensity is observed are large, from L ~ 8 to 11
and from L ~ 5 to 10 near the local noon and midnight
meridians, respectively, for J_ = 10° (o - sec)™t. The
measurements of energetic electrons of similar energies by
Pioneers 3 and 4 and Explorers 6 and 12 near the geomagnetic

equator and at various local times (refer to discussions given

in Frank, Van Allen, and Macagno [1963] and FPrank and Van Allen

{1964 a)) are consistent with the above extensive survey.
Diurral variations cf the intensities of trapped energetic
electrons (E > 280 keV) at low altitudes ~ 1100 km have been
observed by Williams and Palmer [1965]; for example, their
results show that the position of an isoflux curve at L ~9
near local noon is at L ~ 7 near local midnight during

magnetic quiet in good agreement with the local-time dependence
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near the geomagnetic equator as determined by the present
investigation.

The present observation of a local-time dependence of
the intengities of electrons (E > 1.6 MeV) in the outer
radiation zone beyond L ~ 6 near the geomgnetic equatorial
plane is presumadbly related to the distortion of the geo-
magnetic Tield by the sclar wind. The motion of charged
particles in a realistic model of the distorted geomagnetic field
for L 3 10 shows, for example, that if an electron E ~ 1 MeV
with second adiabatic invariant of motion I = O (i.e., mirror-

ing in the geomagnetic equatorial plane) is initially at 7.5 Ry

at the local noon meridian, then the corresponding position
along its longitudinal drift path at local midnight will be
at ~ 6 Ry [Hones, 1963). This result is in quantitative
agreement with our present observations of the isoflux
contours of electrons (E > 1.6 MeV) near the geomagnetic
equatorial plane although the extension of the above
theoretical result for the motion of a single particle to
the present observation of isoflux curves demands, of
course, that realistic equatorial pitch angle distributions
as a function of radial distance be assumed in order to

calculate the isoflux curves in a L-local time coordinate
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system. The assumption that the observed local-time effect is
primarily a manifestation of the distortion of geomagnetic
field by the solar wind is based upon the fact that the gradient
drift velocity is proportional to fhe energy of the particle
(or more precisely the first adiabatic invariant p) and for
charged particles E X 1 MeV is considersbly larger than the
drift expected due to electric fields in any reasonable
current magnetospheric model. A further tacit assumption is
thet rapid radial diffusion and/or a combination of loss and
source mechanisms are not effective on a time scale of the
longitudinal drift period in these regions ( ~ 10 minutes);
i.e., the electrons are dqurably trapped in the geomagnetic
field. It is of interest to note that the termination of
observable electron (E > 1.6 MeV) intensities (cf.
Plgures 2 and 3) corresponds closely with the positicn of
the magnetospheric mm near the local noon meridian
[Prank and Van Allen, 1964 b].

The rodid profiles of the intensities of electrons
(E > 1.6 MeV) at low latitudes (| xnl < 25°) which provided
the above local-time survey discussed above were usually
characterized by monotically decreasing intensities beyond
5 Rpe Observations at higher magnetic latitudes (cf. riguru 2
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and 3) during local day often displayed small multiple peaks
of intensity from 5 to 12 RE and may refiect an active
acceleration mechanism for energetic outer zone electrons in

these regions.
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FIGURE CAPTIONS

1. Relative response of the 302 G.M. tube for several
passes of Explorer 14 through the outer radiation

zone near the geomaguetic equator. Local time of the
satellite apogee position is ~ 22:00. Cosmic ray
background rate is 1. 6 counts (sec)™t.

2. Continuation of Figure 1 for the period when the
local time of the satellite apogee position ie
~ lu’ w.

3. Continuation of Figure 2 but for passes with higher
mdgnetic latitudes.

L, The maximum L-value for which an electron

(E > 1.6 MeV) omnidirectional intensity

J = 102 (ca® - sec)! was cbserved versus the
local time of the observation. Each data point
represents an individual pass of Explorer 1k through
the outer radiation zone (B/B < 2).

5. Scatter plot of parameters aasociated with the
observations of Pigure 4. )

Left: Maximm I~value for which an omnidirectional
electron (E > 1.6 MeV) intensity J_ = 102 (cof - sec)y? |
was cbserved versus the correspording Kp dally sum Z Kp.
Rignt: g, K, versus the local time for each

measurement.

Figure 6. Summary of the median I-values for omnidirectional

electron (2> 1.6 eV) intensities J, = 10, 3 x 109,

W and 10 (cm - sec)” ! near the geomngnetic
equatorial plane (BfB, € 2) for two-hour local-time
intervals.
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RELATIVE RESPONSE

RADIAL PROFILES OF THE RESPONSE
OF THE 302 G.M. TUBE FOR
SEVERAL SIMILAR TRAJECTORIES

~=~~~BACKGROUND -RATE
vreee..NO DATA

29 MAY 1963 (OUT)

cey,
.

10 JUNE (OUT)
. =15

19 JUNE (OUT) cemcemc—ee——-—— '

70 80 90 100 x 10" KM

50 60

RADIAL DISTANCE FROM THE CENTE.RV OF EARTH

Figure 3
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MEDIAN L VALUES FOR SEVERAL
ELECTRON (E, >16 Mev) ISOFLUX CONTOURS
AS A FUNCTION OF LOCAL TIME

o S*& =20 EXPLORER XIV

S-HOUR LT
MEDIANS

2400LT.

Figure 6

Jo(Ee > 16 MeV) = = = =10%(cm’-sec)’
-z 35 (0% (cm?- sec!”
............ = D’ (sz. SCC)-‘
—em= = 0% (cm’-sec)’

i e e, 2 W o o

B S =




VWCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Senurity clessitication of title. dody of abstract and inde:fn‘ annotation must be entered when the oversl! report is clessitiad)

t ORIGINATIN G ACTIVITY (Cormparate author) 2a REGPORT SECURITY C LASSIKICATION
s s - © meen s UNCLASSIFIED
Usniversity of Iowa. Devariret o Fhysics and : 2

,.'\w oy 246 GrROUPR
.\\

cel-Tire Depende ov of Quter Radiation Zone Electron (B > 1.6 MeV)
Irtensities rear the Geomagnetic Equator

4 DESCRIPYIVE NOTES {Trpe of report and inclusive dates)
Frogress

S AUTHOR(S) (Lest name. firs! neme. initial)}
Frank, L. &.
6. REPORT DATE ’ 7a. TOTAL NO. OF PAGES 7b. NO. OF REPS
-~
Mazp 1903 29 2k
86 CONTRACT OR GRANT NO.  ~-_ oo 0S 9a. ORIGINATOR'S REPORT Nuu.in(S)
Nonr-1709(0F)
b PROJECT NC.
<. 9. g"mta n}PoM’ NO(S) (Any other numbers thet may be assigned
8 1o

10 AVAILABILITY/LIMITATION NOTICES

B

b~y -
¥

;

ied reguesiers mey obtain copies of this report from DDC.

-~
o

11. SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

Office of Naval Research

13 ABSTRACT

- 10 rmonths of Explorer 14 observations of

s B M ek

1
: £ ¥eV) in the outer radiation zone near the )
GUETOY [xﬁi < 25° ghows that if the omnidirectional intensity
gre organized in a B-IL system based upon surface measurements
gretic Ti21d, a large locgl-time dependence of intensities on a
is coserved teyord L ~ £. The 'average' isoflux contour
-sec)'l ir, a2 L-lcesl time ccordinate system is at L ~ 10
zri 2% L ~ £ (winimum T) rear tke local noon and midnight
sL=cC . For tre corniours of higher intensities (and
rzdial 4is=arces) this local-time variation weakens; for
m2-gec)”=, meximim L ~ 7 rear local noon, mirdmum L ~ 6 near
£%. 4 gecstatiorary satellite at £.6 Ry (earth radii) should
Joszrve an average 3diurnzl veriation in eLecbron (E > 1.6 MeV) intensity
Tr & fazicr ~ 0. A% Tigrer ragreiic latitudes, | me > z5°, near
lcoa = (E > 1.2 1eV) intensity profiles were often
nsT =l cirg wits lnerzasing radial distance beyond
. 5 igz gn lower wagretic latitudes but displayed
Tre vf lntensity from 5 to 12 Ry which may be
ird tior mechanicm for energetic electrons
2 rertlicn of the magnetogprere. The diurnal
, ‘ ~ (cont.)
DD %% 1473 UHCLASSIFIED

Security Classification

M s e e



.6 MeV) intensities observed near

varigtions of electron (F> 1
the georagnetic egquaterisl plane are consistent with the expected
digtortion oFf the georagnetic field in these regions by the solar




TLILARSIFIED

Security Classification

1e .
KEY WORDS

., N e S i e s e - o

LINK B

: [ LINK A LINK C

ROLE | WT ROLEK w1 noLE wr

1. ORIGINATING ACTIVITY: Enter the name and address.
of the contractor, sudbcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECUNTY CLASSIFICATION: Enter the over
all security classification of the report. Indicete whether
‘“Restricted Dats" is included Marking is to be in accord
ance with appropriate security regulations.

256. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
cagital lettera. Titles in all cases should be unclassified.
If » meaningful title cannot be selected without classifice-
tion, show title classification in all capitals in parenthesis
immedistely following the title.

4. DESCRIPTIVE NOTES If appropriate, enter the type of
report, e.g., interim, progress, summaeary, snnual, or final.
Give the inclusive dates when a specific reporting period is
covered. ’

5. AUTHOR(Sx Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, m:ddle initial
If zilitery, show rank and branch of service. The name of
the principal «:thor is en absolute minimum requremeni.

6. REPORT DATEZ: Enter the date of the icport as day:
mouth, year; or month, year. If more than one date appesrs
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page ciuat
should follow normal paginstion procedures, i.e., exnter the
number of pages containing information

75. NUMBER OF REFERENCES Enter the toiai number of
references cited in the repont.

8a CONTRACT OR GRANT NUMBER: If appiopiiste. cuter
the appiicable number of the contract or grant under which
the report was written.

8b, iic, & 84. PROJECT NUMBER: Enfer the appropriaie
mijitery depariment identificstion, such as project number,
subproject aumber, system numbers, task number, &tc.

94 ORIGINATOR'S REPORT NUMBER(S): Eanter the offi-
cial report number by which the document will be identified
and comrolied by the originsting sctivity. This numter mnust
be unique 1o this report.

95. OTHER REPORT NUMBER(S): If the report has toen
sssigned any other report numbers (either by the criginiato:
ot by the sponsoi), also enter this number(s).

10, AVAILABILITY/LIMITATION NOTICES: Ecter su, lio
itaions on further dissemination of the report, other thar th.. &

DD 2% 1473 (BACK)

INSTRUCTIONS

L BT B I A~ RN e, BT T

imposed by securily classification, using stundard statements
such as:

(1) ““Qualified requesters may obtain copies of this
report from DDC.’’

(2) ‘Foreign announcemenc and dissemination of this
report by DDC is not authorized.’

(3) ‘‘U. S. Government agencies may obtain copies of
this report directly from DDC. Other qualified DDC
users shall request through

"
.

(4) ‘*U. S. military ngeﬁcles may obtain copies of this

report directly from DDC. Other qualified users
shall request through

"
.

(5) ‘Al dlitributlon of this report is controlled Qual-
ified DDC users shall request through

If the report has been furnished to the Office of Techaical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known

11. SUPPLEMENTARY NOTES: Use for additional explans
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the nama of
the departmental project office or laboratory sponsoring (pay~
ing for) the research and development. Include address.

15 ABSTRACT: Enter san abstract giving e brief and factual
summary of the document indicetive of the report, even though
it may also appeur elsewhere in the body of the techaical re- ,
port. If additional space is required, s continuation sheet shall
be sttached.

it 1s highly desirable that the abatract of classified reports
be unclessified. Each paragraph of the abstract shail end with
an indication of the military security classification of the in-
formation in the peragraph, represented as (TS$), (S), (C), or (U).

There is uo limitation on the length of the ubstract. How-
ever, the suggested length is from 150 12 225 words.

14. KEY WORDS:. Key words are technicslly wneaningful terms
or short phrases that characterize a report and may be used as
index entnies for catsloging the report. Key words must be
selected 8o that no security classification is required. ldenti-
fiers, such es equipment model designation, trade nanie, militery
project code name, geogruphic locetion, may be used us key
words but will be followed by an indication of technical con-
text. The assignment of links, rales, and weights is optional.

. ULCLACSIFIED -

Security Clasification

S o ———

s dtars




